KOVÁČIKOVÁ, Z. -VARGOVÁ, V. -JANČOVÁ, Ľ.: Effect of digestate application on herbage quality and quantity of permanent grassland. Agriculture (Poľnohospodárstvo), vol. 59, 2013, no. 2, pp. 88-98. Ing Possibilities were studied for using digested substrate as fertiliser applied to grassland. Over 2008-2009, a research trial consisting of four treatments in four replicates (the non-fertilised control; sward fertilized with digested substrates from 100% slurry; 80% slurry and 20% phytomass; 60% slurry and 40% phytomass) was performed on seminatural grassland at Radvaň site. In the sward utilised by three cuts a year, these parameters were studied: botanical composition, dominant species, herbage production, organic matter and mineral substances. At the fertilized treatments, the proportion of grasses was higher in 2009 than in 2008, but that of legumes and other herbs de-
Grassland biomass is suitable in numerous ways for producing energy. It is well established as feedstock for biogas production. Grasslands provide a variety of essential environmental benefits such as carbon storage, habitat function, preservation of ground and surface water quality. When producing biogas from grassland these benefits will remain or even grow, providing appropriate grassland management is implemented. Grassland biomass is suitable in many ways for producing energy. Currently it is used in practice as a feedstock for biogas production and as solid biofuel for combustion (Prochnov et al. 2009 ).
Production of fertilisers has markedly decreased due to reduced livestock population in Slovakia. This is one of the reasons why a range of alternative forms of using organic wastes are coming forward with the objective to replenish deficient organic matter in soil. The biogas production by continuous anaerobic digestion of animal and plant waste brings biological sludge as a by-product utilisable as fertiliser. The production of biogas is not only an efficient way of obtaining energy from animal or plant biomass, but also an ecological disposal of waste coming from agricultural, industrial and food sector (Hanáčková & Slamka 2008; Ondrejčíková et al. 2009 ).
Agriculture and food industries produce high quantities of organic residues which could be used as raw materials for biogas production. Anaerobic decomposition of organic material contributes to the reduction of residues and increases the energy value of farming by producing biogas, and utilizing digestate instead of using mineral fertilizers (Tani et al. 2006; Salminen et al. 2001; Wang et al. 2010) . The organic residue after digestion, the digestate, is rich in plant nutrients and may be recycled back to agricultural land as an organic fertiliser (Braun 2007) . Digestate utilisation can be environmentally beneficial since nutrient cycles can be closed and the need for mineral fertiliser reduced (Dieterich et al. 2012) . Anaerobic digestion converts of major part of organic nitrogen to ammonia, which is then directly available to plants as nitrogen. Because of the different origins of raw material for biogas production, digestate contains 5.0-40.0 g/kg of nitrogen, 0.7 g/kg of phosphorus and 0.4 g/kg of potassium (Lehtomaki et al. 2008; Wulf et al. 2002) . The field application with digestate could reduce the need for applying mineral nitrogen fertilizers and it could decrease the ammonia volatilization and nitrate leaching, mitigating environmental impact (Voća et al. 2005) . The digestate application can influence soil fertility and the yield and the quality of the plants (Tilvikiene et al. 2010) .
This digestate, a by-product of continuous production of biogas, is odourless, harmless from the hygienic viewpoint, dark, amorphous, non-plastic heterogeneous suspension of colloidal and solid substances. Primarily, it is an instant source of nitrogen (N) which can be physiologically exploited better than N from mineral fertilisers (Pospíšil et al. 2009 ). Due to the digestate pH value ranging from 7.6 to 8.5, the soil acidity is not rising and phosphorus (P) utilisation is better Pospíšil et al. (2011) . The alkalizing effect of biological sludge (pH = 7.5) on the value of soil reaction was confirmed (Hanáčková & Slamka 2008) . The application of digested substrate reduces the demands on the need for fertilizers, greatly reduces the requirements for pesticides, improve the hydro-physical soil properties, which has positive impact of the total soil moisture regime (Voća et al. 2005) .
The research results have shown that digestate is a well-balanced organic fertiliser with specific positive effects on the soil reaction. Moreover, it inhibits the weed seed germination and smells less than conventional slurry (Pospíšil & Mano 2007) .
Anaerobic decomposition of biodegradable materials could contribute to the development of renewable energy. If a biogas plant is available on a farm, it is possible to secure a continuous process biomass -biogas -biomass (Tilvikiene et al. 2011) .
In Slovakia, the large results are not available on the influence of digestate on the yield and the quality phytomass of permanent grassland yet. There are only the results of the research, dealing with the influence of digestate on quantitative and qualitative parameters of crop plants on arable land (e.g. sunflower, maize, sugar beet).
Therefore the objective of this work was to determine new possibilities for using secondary raw materials generated in the biogas production as grassland nutrition. 
MATERIAL AND METHODS
The research was conducted at seminatural grassland site (Radvaň -near Banská Bystrica; altitude 427 m; the mountain ranges of "Kremnické vrchy" and "Starohorské vrchy"; warm to medium warm agro-climatic region; dry sub-region). Long-term mean rainfall over growing season is 431 mm; longterm mean annual rainfall 819.5 mm; mean daily temperature 8°C per year and 15.5°C over growing season. The soil at the research site was Leptic Cambisol Skeletic (WRB 2006) . Some characteristics of the soil are given in Table 1 .
The digested substrate used in the research trial originated from co-fermentation of plant and animal biomass by wet semi-continual process performed at the experimental biogas plant in Kolíňany -a part of the Demonstration Farm of the Slovak University of Agriculture in Nitra. The digestate collected after the end of each co-fermentation batch was applied to sward in the spring (40 kg N/ha) and after the first cut (20 kg N/ha), respectively ( Table 2 ). The application rates of N [kg/ha] was established on the basis of chemical analysis of the digested substrate. The chemical analysis of the digested substrate is given in Table 3 . The research trial studying effects of the digestate used as fertiliser was established by the method of blocks with four treatments and four replicates, plot size 1.5 × 10 m (15 m 2 ). The trial treatments are given in Table 2 .
Botanical composition -namely agro-botanical groups of grasses, legumes, other herbs and bare ground -was determined by the method of projective dominance in compliance with Maloch (1953) before each of the cuts. The plant species within the botanical groups were recorded. Grassland was utilised by three cuts a year: the 1 st cut -at the ear emergence of dominant grass species; the 2 nd cut -6 to 8 weeks later; the 3 rd cut -8 to 10 weeks after the 2 nd cut. Herbage samples were taken from all the treatments and cuts. The production was defined as fresh herbage weight at the research site. Chemical analysis was made of herbage oven-dried at 65°C and the production was determined as dry matter (DM) content. The sward quality was analysed in the samples taken at all the treatments and cuts. The following organic and mineral substances were determined: crude protein by the Kjeldahl method (N × 6.25); fibre by the Henneberg-Stohmann method; the contents of P, K, Mg and Ca were determined in accordance with the Slovak technical standard STN 46 7093. The obtained data were subjected to analysis of variance (ANOVA) followed by post hoc comparison using the Tukey´s HSD test (Statit Custom QC for Windows).
RESULTS AND DISCUSSION
Effects of different climatic conditions, grassland utilisation as well as the application of digested substrate as fertiliser on changed botanical composition, DM production and sward quality were found.
In 2009, mean air temperature was 16.5°C and that is 1.1°C increase by comparison with 15.4°C The lowest dry matter production was found at the control in both research years. The total DM yield was 2.80 t/ha in 2008, but only 1.92 t/ha in 2009. The data in Table 8 show significant effects of the years on DM production (P < 0.05). Vargová et al. (2012) reported that the application of nitrogen significantly increased the DM production nearly in all the cuts and years (P < 0.05) and influenced also the total yield over the research period. The variability in the yield increase under the rising N rates was found in agreement with Glab and Kacorzyk (2011) and other authors studying the grassland nutrition. The application of digestate increased the DM production in greater part of all cuts (Table 5 ). The total DM yield increased by 0.78 t/ha at Treatment 2 (the digested substrate from 100% slurry applied) in comparison with the control. The most marked increase in DM production was recorded at Treatment 4 where the digestate composed of 60% slurry with 40% phytomass was applied, as shown by the significant effects of the different rates (P < 0.05) on DM production (Table 8 ). In the first research year, the total yield was 5.03 t/ha (increased by 2.23 t/ha) at Treatment 3 (80% slurry with 20% phytomass digested substrate). The dry matter production was not evenly distributed at the treatments throughout the season. At all the treatments, DM production was low at the 3 rd cut, due to low rainfall and high temperatures during July, August and September (Figure 1) . In 2009, the DM yields were lower at all the cuts and treatments, except for Treatment 3 at the 2 nd cut (3.47 t/ha). In 2009, the highest DM yield (4.34 t/ha) was recorded at Treatment 3. But Nerušil et al. (2008) and Raus et al. (2012) reached conclusions in their several-year studies revealing that the yields increased gradually over the years with increasing N rates.
The crude protein (CP) and fibre content are given in Table 6 . In 2008, the CP content was rising at Treatments 3 and 4 throughout the 1 st , 2 nd and 3 rd cuts, respectively. In the second research year, the highest CP content was recorded in the 3 rd cut at all the treatments. The crude protein content was 175.5 g/kg in the 3 rd cut at Treatment 3 (80% slurry and 20% phytomass). Averaged over the years, the highest CP content (155.7 g/kg) was found at Treat- Table 1 ment 3 (80% slurry and 20% phytomass), as shown by the significant effects (P < 0.05). The lowest CP content (127.6 g/kg) was recorded at the treatment with the digestate from 100% slurry applied. Effect of the year was confirmed on the crude protein content (Table 9) . Hejcman et al. (2010) and Holúbek et al. (2007) reported that the content of nutrients in herbage DM decreased with the reduction of available nutrients in soil and decreased also with increasing yield due to the so called dilution effect in the grown-up biomass. The quality of dry matter is defined by the T a b l e 5 Dry matter yield [t/ha] The values in the same row with different superscript letters are significantly different at P < 0.05 level for each variable (Tukey´s HSD test) *see Table 1 T a b l e 6 The values in the same row with different superscript letters are significantly different at P < 0.05 level for each variable (Tukey´s HSD test) *see Table 1 mineral and organic composition (Whitehead 2000). As defined by Klapp (1971) , the phosphorus (P) content in DM of above-ground phytomass is approximately 2.8 g/kg. Holúbek et al. (2007) specified an acceptable P content in 1 kg DM ranging between 2.8 and 3.3 g/kg and acceptable Ca content 4 and 11 g/kg. The content of P recorded throughout the research agreed with this range. The highest content of potassium (K) was always recorded at the 2 nd cut and then started decreasing at Treatments 3 and 4 towards the end of growing seasons. While the P content was decreasing at the end of growing season, the calcium (Ca) content was rising. Table 9 shows the any significant effects of the cuts on the mean content of crude protein and K. The highest Ca content (16.6 g/kg) was recorded at Treatment 3. Fiala (2002) specified that Mg content is needed in the concentration 3 g/kg and content of P 3.5 g/kg. The content of magnesium (Mg) decreased at the control. By comparison of all the treatments, the highest content of P and K was found at the control, while the highest Ca and Mg contents were found at Treatment 3 (Table 7) . Effect of the different rates was confirmed only on K content, any significant effects on the other elements were not found. Fiala (2002) reports that the long-term application of fertiliser has influence on the content of mineral substances in total and at the individual cuts as well. The rising rates of nitrogen fertiliser are increasing the content of N and P, but decreasing the content of Ca, Mg and K. The three-cut utilisation of sward is characteristic of increasing content of Ca and Mg and decreasing K content from the first to the last cut.
CONCLUSIONS
New ways of using the digested substrate as fertiliser applied to grassland were studied over 2008-2009 and the research results were concluded as follows:
In 2009, the proportion of grasses in sward increased, but that of legumes and other herbs decreased.
In comparison with the control, the highest increase in DM production was found at Treatment 4 The values in the same row with different superscript letters are significantly different at P < 0.05 level for each variable (Tukey´s HSD test) SEM -standard error of the mean *see Table 1 where the digestate of 60% slurry and 40% phytomass was applied. Using the digested substrate as fertiliser had positive effects on yield. The lowest CP content of all the research treatments was found at that with 100% slurry applied.
The highest content of P and K was recorded at the control, while the highest content of Ca and Mg was found at Treatment 3.
Considering the parameters of quality (crude protein, fibre, minerals) and quantity, the digested substrate appears to be an optimum utilisation regime for the grassland nutrition. We recommend the application of digested substrate which input material contains 20-40% of phytomass. The values in the same row with different superscript letters are significantly different at P < 0.05 level for each variable (Tukey´s HSD test) SEM -standard error of the mean *see Table 1 
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